The expectations hypothesis (EH) 
Introduction
The expectations hypothesis (EH) of the term structure of interest rates-the proposition that the long-term rate is determined by the market's expectation for the shortterm rate over the holding period of the long-term asset plus a constant risk premiumplays an important role in economics and finance. Indeed, it is critical to many analyses of monetary policy where shorter-term rates are believed to be determined by the market's expectation for the overnight federal funds rate. Hardouvelis (1988) , Simon (1990) and Roberds, Runkle and Whiteman (1996) investigated the expectations hypothesis (EH) using the effective federal funds rate as the short-term rate and the 3-month T-bill rate (or similar rate) as the long-term rate. With two exceptions these authors find little evidence to support the EH when the short-term rate is the federal funds rate.
One exception is when the EH is tested over the period when the Fed was attempting to control M1 using a nonborrowed reserves operating procedure, October 1979 to October 1982. All three authors find that the EH holds during this period. The second exception occurs when Roberds, Runkle and Whiteman (1996) apply the test using only days when banks are required to meet Federal Reserve-imposed reserve requirementssettlement Wednesdays. While, strictly speaking, the EH is rejected when the test is applied to settlement Wednesdays, the results are much more encouraging for settlement Wednesdays than for other days during the same time period.
1 Fundamentally, the EH is a proposition about the predictability of the short-term rate. Other things the same, the EH should fair better when the short-term rate is more predictable and less well when it is not. From this perspective, I argue that these results are inconsistent with the EH. The federal funds rate should be less predictable when the Fed is targeting monetary aggregates than it is when the Fed is explicitly targeting the federal funds rate. Consequently, the EH should be less likely to hold during the 1979-82 period and more likely to hold during periods before October 1979 and after October 1982-exactly the opposite of what these authors find. Roberds, Runkle and Whiteman's (1996) settlement Wednesday results are equally anomalous. It is easy to show that the large transient shocks to the funds rate, which occur frequently on settlement Wednesdays, can have at most a modest affect on the market's ability to predict the average level of the short-term rate. Consequently, the improvement in the EH using settlement Wednesdays should be modest at best. Moreover, there is no theoretical or policy-related reason to believe that the behavior of the funds rate on settlement Wednesdays contains special information about the future behavior of interest rates. Indeed, shocks to the funds rate that occur on settlement Wednesdays are idiosyncratic in that they tend not to be reflected in other short-term rates. Consequently, if anything, the behavior of the funds rate on settlement Wednesday is a noisy signal of the future course of monetary policy and, hence, the funds rate.
Noting that the test that these authors employ may generate results that are favorable to the EH in situations where the short-term rate is unusually variable, I present evidence that these results are a consequence of the procedure they use to test the EH rather than evidence of the EH, as has been suggested. While the evidence suggests that 2 the EH does not hold when the short-term rate is the federal funds rate, this does not mean that longer-term interest rates are not determined by forward-looking behavior. Nor does it imply that longer-term rates are not determined, at least in part, by the market's expectation of Fed policy and, consequently, of the federal funds rate. Indeed, there is evidence (e.g., Poole and Rasche, 2000; Kuttner, 2001; and Poole, Rasche and Thornton, 2002) , suggesting that the market anticipates changes in the Fed's target for the federal funds rate and that the market's ability to anticipate these changes has improved in recent years. The lack of support for the EH using the federal funds rate does suggest, however, that there are other determinants of longer-term rates in addition to the market's expectation of the federal funds rate. Exactly what these determinants are is an open issue. 
Testing the Expectations Hypothesis
While a number of ways of testing the EH have been proposed, perhaps the most popular test is the test that Hardouvelis (1988) , Simon (1990) and Roberds, Runkle and Whiteman (1996) used. This test is derived under the null hypothesis that the EH holds.
Specifically, the expectations hypothesis asserts that the long-term, n-period interest rate, , is determined by the market's expectation for the average level of the short-term, mperiod rate, r , at n-m = (k-1)m periods in the future (where k = n/m is an integer) plus a constant risk premium,
.
To derive a test of the EH from Equation 1, expectations are assumed to be rational, 
Evidence When the Short-Term Rate is the Effective Federal Funds Rate
Hardouvelis (1988), Simon (1990) and Roberds, Runkle and Whiteman (1996) Cook and Hahn, 1989 and Thornton, 2004a) . The second is the period of monetary aggregate targeting using the nonborrowed reserves operating procedure, October 9, 1979 , to October 6, 1982 . The third is from October 6, 1982 to December 31, 1997. This is a period of both indirect or fuzzy (Goodfriend, 1991) funds rate targeting and direct funds rate targeting. During much of this period, the Fed maintained that it was targeting borrowed reserves. However, evidence (Thornton, 1988 and 2004b , and Feinman, 1993 suggests that the Fed was targeting the funds rate. While it never announced it, in the early 1990s the Fed dropped all pretense of the borrowed reserve operating procedure and began targeting the funds rate directly (Thornton, 2004b) . In 1994 the Fed began announcing its target for the funds rate.
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Estimates of Equation 5 are presented in Table 1 . 6 Consistent with the findings of Hardouvelis (1988) , Simon (1990) and Roberds, Runkle and Whiteman (1996) R are also larger on settlement
Wednesdays during this period. Indeed, the estimate of β is not significantly different from zero only when the equation is estimated using settlement Wednesdays.
The EH and the Predictability of the Federal Funds Rate
The EH depends critically on the market's ability to predict the average level of the funds rate over the term of the T-bill rate. Generally speaking, the better able the market is to predict the level of the federal funds rate, the more likely it is that the EH will hold when the short-term rate is the federal funds rate. The results shown in Table 1 are ironic in that they indicate more support for the EH in situations when the funds rate is more difficult to predict and less support for the EH in situations where, relatively speaking, the funds rate should be easier to predict.
The 1979-82 Period
Because the number of market days is less than the number of calendar days used to calculate the movingaverage term, the maximum order of the process is set at 65, the maximum number of market days in a 3-
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During the period from October 1979 to October 1982 the Fed was targeting M1 growth using a nonborrowed reserves operating procedure. When attempting to control monetary aggregates, the Fed offsets the effects of shocks to supply and demand on the quantity of money, thereby, intensifying the effect of such shocks on interest rates. Other things the same, this makes predicting the average level of the federal funds rate more difficult.
In contrast, when the Fed is targeting the federal funds rate, the market should be able to form expectations of monetary policy and, thereby, better predict the level of the funds rate. During the periods before October 1979 and after October 1982, but before
February 1994 when the FOMC announced its funds rate target, the market had to determine the level of the funds rate target from the Fed's behavior. This was enhanced by the fact that when targeting the funds rate, the Fed acts to offset the effects of shocks to supply and demand which would otherwise cause the funds rate to deviate from the target level. Such actions tend to induce mean (target) reversion in the funds rate (e.g., Taylor, 2001, and Thornton, 2001) . Market analysts monitor the Fed's actions to determine the level of the funds rate that the Fed was defending. In addition, the Fed frequently signaled its intentions to change the funds rate by the specific type of operations used (see, for example, Meulendyke, 1998, and Fienman 1993 ).
Moreover, the target level of the funds rate is determined by policy considerations.
If the market forms rational forecasts of monetary policy, it should also form rational forecasts of the Fed's target for the federal funds rate. If policymakers are concerned about inflation, it is reasonable to anticipate that policymakers will raise the funds rate target in month period. There was only one instance (Table 2) where the variance-covariance matrix was not positive semi-definite. In this instance, the Newey-West (1987) correction was employed.
7 situations where inflation pressures appear to be building. Likewise, concerns about recession or slow growth should cause market participants to anticipate a reduction in the policy rate. Indeed, many policy analysts (e.g., Goodfriend, 1991; Poole, 1991; Rudebusch, 1995; Blinder, et al., 2001; Woodford, 2001 ) argue that it is important for policymakers to be transparent because it enhances the market's ability to predict the policy rate and, consequently, policymakers' ability to affect long-term rates.
Consequently, other things the same, the average level of the federal funds rate should be more predictable when the Fed is targeting the funds rate.
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Aware that the EH should work better when the level of the short rate is more predictable, Hardouvelis (1988) and Simon (1990) investigate the relationship between their results and the general predictability of the federal funds rate. 8 They found that the predictability of the funds rate did not vary significantly with the monetary policy operating procedure. Hardouvelis notes that his results support the hypothesis suggested by Mankiw and Miron (1986) , who found that the market's ability to predict the funds rate appeared to decline with the Fed's return to interest rate targeting. 9 Simon suggests that "because changes in the federal funds rate were based to a greater extent on discretion rather than on a well-defined rule, federal funds rate changes may have been more difficult to forecast" after October 1982.
The exception would occur if interest rates had a predictable component in the absence of Fed actions. For example, some have suggested that the better performance of the EH prior to the founding of the Fed occurred because there was a predictable seasonal pattern in interest rates. If the Fed removed the seasonal effect from interest rates, the market's ability to predict short-term rates declined. 8 Hardouvelis (1988) used a univariate AR model of the funds rate and a VAR. Simon (1990) used the Goldsmith-Nagan Reporting on Governments and Bonds and Money Market Letter survey. 9 Kool and Thornton (forthcoming) show that Mankiw and Miron's (1986) finding that the EH fares better before the Fed's founding also is due to sensitively of estimates of β to extreme observations. They find that when three extreme observations associated with the financial panic of 1907-1908 are properly accounted for, evidence for the EH is no different before the Fed's founding than after. 10 Simon (1990), p. 576. 8 
Settlement Wednesdays
It is also difficult to see why the results should be more favorable to the EH on settlement Wednesdays. It is well known that the funds rate sometimes spikes on settlement Wednesdays only to revert to its presettlement-day level the next day. Such spikes in the funds rate tend to be idiosyncratic in the sense that they are generally not reflected in other short-term interest rates, such as T-bill rates. Roberds, Runkle and Whiteman (1996) argue that it is this behavior of the funds rate that accounts for its improved predictability on settlement Wednesdays. Specifically, they argue that
Our settlement-day results might be considered noteworthy in the sense that they show that the markets are not "spooked" by settlement-day pressures in the overnight Fed funds market. The market believes that the Fed is committed to returning to the presettlement overnight funds rates after settlement Wednesday, no matter how much rates move on settlement Wednesday. Thus yield spreads on settlement Wednesday are good predictors of future movements in short rates. (pp. 49-50) Rudebusch (1995) , who found that transitory deviations in the funds rate accounted for much of the spread's explanatory power in his simulations, put it this way:
[I]f today's spot rate is unusually high relative to the target, it can be expected that future daily rates will return to the target level. Thus, the current three-month rate is close to the target rate. In this way, the spread between the overnight funds rate and the three-month rate should be a very good predictor of the change from the current daily rate to the average daily rate that prevails over the next three months. (p. 269)
As appealing as this argument sounds, it is easy to show why it is unlikely that it accounts for the marked change in the performance of the EH on settlement Wednesdays.
To see why, assume that the Fed targets the funds rate and keeps it close to the funds rate target, i.e., Because the EH depends on the market participants' ability to predict the average level of the funds rate over the holding period of the T-bill rate, the important question is: How In this case, knowledge of ω t is of no use for predicting the average level of the funds rate over the term of the long-term rate. The T-bill rate is solely determined by the market's expectation of the funds rate target, and there is no reason to believe that knowledge of t ω improves the market's ability to predict the fund rate target. Finally, it should be noted that these explanations assume that the funds rate is observed before the T-bill rate is determined. If this were not the case, 0 tt E ω = and there is no way that knowledge of the behavior of the funds rate on settlement Wednesdays could improve market participants' ability to predict the holding-period average funds rate.
This point is important because the federal funds rate is a weighted average of federal funds transactions by a group of brokers who report daily to the Federal Reserve Bank of New York. The data are compiled each day, but not reported until the next morning, about 8 a.m. EST. Consequently, strictly speaking, t ω is not observed.
What Accounts for These Anomalous Results?
If the funds rate is more difficult to predict during the 1979-82 period and knowledge of a settlement day shock to the funds rate provides little (or no) information useful for predicting the average level of the funds rate, why does Equation 5 generate results that more favorable to the EH at these times? The most likely explanation is econometric and stems from the fact that the current short-term rate is subtracted from both sides of Equation 3 in Wednesdays that are not LSDs, the estimate of β drops to 0.39 and only about 11 percent of the long-term change in the funds rate is explained by the slope of the yield curve.
This tendency also exists, but is less apparent, on days when the funds rate is somewhat less variable. This is illustrated by estimating Equation 5 with daily changes in the funds rate partitioned by size. The results are reported in Panel B of Table 2 . The estimates of β and R 2 increase with the absolute change in the funds rate. Indeed, when the change in the funds rate is sufficiently large, the null hypothesis that 1 β = is not rejected.
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These results leave little doubt that Roberds, Runkle and Whiteman's (1996) settlement Wednesday results are a consequence of (1) the fact there tend to be large and idiosyncratic shocks to the funds rate on settlement Wednesdays and (2), by design, Equation 5 tends to generate larger estimates of β and 2 R when there are relatively large shocks to the funds rate. Indeed, the fact that the estimates of β and 2 R are very low on settlement Wednesdays that are not LSDs is consistent with the idea that there is nothing special about settlement Wednesdays other than large idiosyncratic changes in the funds rate tend to occur on these days.
1979-82 Results Revisited
Estimates of Equation 5 over the nonborrowed reserves period show that the EH is not rejected whether the equation is estimated on settlement Wednesdays or other days.
Hence, the results during this period are not due to the sensitivity of β and and over the 1979-82 period. During this period, the federal funds rate tends to rise relative to the T-bill rate when interest rates are rising and falls relative to the T-bill rate when interest rates are falling. The increased variability of the funds rate relative to the Tbill rate over the interest rate cycle creates a counter-cyclical pattern in .
Specially, falls when rates rise and rises when rates fall. The behavior of the funds rate relative to the T-bill rate creates a similar counter-cyclical pattern in Estimates of β close to 1, as well as the larger estimates of R 2 , are due to the common cyclical patterns these variables caused by the funds rate moving relative to the Tbill rate, rather than the other way around, as would be the case if the EH were the reason for the larger estimate of β . Specifically, t t ff tb − changed-not because the T-bill rate changed, portending a change in the funds rate, but rather because t t ff tb − changed as the funds rate moved relatively more than the T-bill rate over a common interest rate cycle.
The federal funds rate averaged 200 basis points above the T-bill rate during this period, nearly four times the average spread over the rest of the sample period. 12 Exactly why the spread was so large and why it tended to widen when interest rates rose and narrow when interest rates fell is unclear. Whatever the explanation, it is clear that the failure of the conventional test to reject the null hypothesis β = 1 during this period is due to this fact and not because the T-bill rate was adjusting in anticipation of movements in the funds rate.
Conclusions
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The expectations hypothesis of the term structure is the proposition that the longterm rate is equal to the market's expectation of the short-term rate over the holding period of the long-term rate plus a constant risk premium. The EH plays a particularly important role in discussions of monetary policy, where it is assumed that shorter-term interest rates are determined by the market's expectation for the overnight effective federal funds rate. Hardouvelis (1988) , Simon (1990) and Roberds, Runkle and Whiteman (1996) test the EH using the effective federal funds rate as the short-term rate. They find that, with two exceptions, the EH is easily rejected using the effective federal funds rate. All of these authors find that the EH is not rejected during the period when the Fed was targeting M1 using a nonborrowed reserves operating procedure. In addition, Roberds, Runkle and Whiteman (1996) find that the EH performs much better when they only use observations for the last day of the reserve maintenance period, called settlement Wednesdays.
I argue that these results are anomalous in that they suggest that the funds rate is more predictable (1) during periods when the Fed is targeting monetary aggregates than when it is explicitly targeting the federal funds rate and (2) on days when there are large idiosyncratic shocks to the federal funds rate. I argue that the funds rate should be more predictable when the Fed is explicitly targeting it than when the Fed is targeting monetary or reserve aggregates. In addition, I show that settlement-Wednesday changes in the funds rate can, at best, account for a very modest improvement in the market's ability to predict the funds rate.
I then show that these author's results are due to the fact that the test that they use can generate results that appear favorable to the EH solely because the short-term rate appears symmetrically on both the left-and right-hand-sides of the regression equation. 12 The average spread over the remainder of the sample period was 52 basis points.
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This characteristic of this test generates results that appear favorable to the EH on settlement Wednesdays because of the tendency of large changes in the funds rate to occur on those days. It also generates results that appear favorable to the EH during the period of monetary aggregate targeting because the funds rate rose relative to the T-bill rate when interest rates were rising and fell relative to the T-bill rate when interest rates were falling over this period.
The results suggest that the T-bill rate is not determined solely by the market's expectation for the effective federal funds rate. This does not imply that longer-term rates are not forward looking or that they are not affected greatly by the market's expectation of Fed policy. Indeed, there is some evidence to the contrary. These results do suggest, however, that there are factors, other than the market's expectation for the effective federal funds rate, that determine the T-bill rate. That the market's expectation for the short-term rate is not the sole determinant of the long-term rate is perhaps not too surprising in light of evidence on the difficulty of predicting interest rates (e.g., Rudebusch, 2002; Poole, Rasche and Thornton, 2002; Diebold and Li, 2003; and Duffee, 2002 13 In this regard, it should also be noted that the probability limit of estimates of β goes to one as the variance of the short-term rate relative to the long-term rate increases without bound (see, Kool and Thornton, forthcoming, Campbell, Lo, and McKinlay, 1997) . Also, see Hardouvelis (1988) for similar results for a different test of the EH. Moreover, Thornton (forthcoming) shows that Equation 5 generates estimates of β that are positive and statistically significant using data, which have characteristics similar to U.S. time series on long-term and short-term rates, but are generated in such a way that the EH does not hold.
was recently made operational by Beckeart and Hodrick (2001) . The VAR test is much more difficult to implement, however.
18 The number of days in parentheses. 1/ The variance-covariance matrix was not positive semi-definite without the NewWest correction, so the New-West correction was employed for this specification. 
